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TEE MUTUAL RELATIONS OF THE FOUR
GUSTATORY QUALITIES.
(A) Statement of Problem .
This investigation has to do with the inter-relations
of the four taste qualities. It has long since been determined
that we are capable of four and only four sensations of taste: -
sweet - sour,- bitter - salt, and that the various flavors which
we observe in our foods and ascribe to taste are, in the main, due
to the sense of smell. Beyond this fact, little is known of the
psychology of taste. Hot only is there a meagre amount of exper-
imental data bearing upon the subject, but there is an utter ab-
sence of theory as to the intimate nature of the sensory mechan-
ism of taste.
One of the many problems upon which additional light
is desirable, is this: 'That is the relation of these four sensory
qualities to one another? In the domain of visual sensation we
have become familiar with color compensation, color contrast, and
color mixture. 7/e know, for example, that if red and yellow stim-
uli be mixed, there results a third color quality,- orange. But
if we mix a bluish green with our red, the result is a colorless
gray. In the one case, we have a composite color resulting from
the admixture of simple colors; in the other instance we have a
compensation or cancellation of one color stimulus by the mixture
with another ( complementary 1 stimulus. 77e know, too, that if,
-1-

after an intensive stimulation of the retina by a red stimulus,
we close the eyes, or gaze at a colorless surface, we perceive a
"blue-green "after image". And Indeed if a colorless patch of
light he thrown upon a red "background, we find that the gray as-
sumes the "blue -green tone which is complementary to the back-
ground against which it is seen. These mutual relationships of
color phenomena have been of a distinct service in enabling us to
understand what is the nature of the retinal stimulation, and the
question naturally arises: Is it possible to discover analogous
relationships obtaining among the gustatory qualities'. This is
the question which the present investigation attempts to answer.
Are phenomena of mixture, of compensation, of cancellation or of
contrast , characteristic of the sensations of sweet, sour, bitter
and salt?
( B ) A Survey of the "7ork Already .Done in Taste .
The amount of experimental work already done on taste,
is very small. That which has been contributed has proved very
valuable in determining certain facts in regard to the nature
and cause of the sensation of taste. Probably the first exper-
imental work on taste was undertaken in 1675 when Robert Boyle1
investigated the nature of stimulus biven to the organs of taste
and smell by sapid or odorous substances. In this he puts for-
ward the theory of irritation by particles which penetrate and
irritate more or less according to their size and shape. This is
A The bearing of recent discoveries on physics of taste and smell
F. Southerden.
Nature. Vol. 77, 19U3, page 486.
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not very valuable as regards scientific invectigation, "but
shows that people were trying in this field to solve some of
the problems which are still very unsettled.
In more recent years, namely in 1887, E. H. 3. Bailey
and E. L. Nichols, of the University of Kansas, performed an ex-
it
periment and reported in July of that year. The object of this
experiment was to find out what t-ubstances or classes of sub-
stances are most readily detected by the sense of taste and the
relative delicacy of this sense toward these substances. They
used five solutions for the production of familiar typical ef-
fects upon the organs of the sense; these were (1) quinine for
bitter ; ( 2 ) cane-sugar for sweet ; ( 3 ) sulphuric acid for sour ;
(4) sodium bicarbonate for alkaline and (5) saline for common
salt
.
They recognized from the start that the sense of taste is
very closely related with the sense of smell. In fact, in some
cases we depend upon smell almost entirely to sense some tastes.
Their method of testing the delicacy of the sense of taste was
to make solutions of known strength of different substances; then
by successive dilutions to make from these, several series of
weaker solutions, each one being of one-half the strength of that
preceding it. The results of their experiments may be summed up
as follows
.
1. "The sense of taste is much more delicate for bitter
substances than for the others included in the list."
2. "Taken in the order of their effect upon the organs
of taste, the classes of substances used stand as follows:
t nature, Vol. 37, pages 557 - 558.
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(a) "bitter, Cb) acids, (c) saline substances, Id) sweets and (e)
alkalines ."
3. "The ability to detect a dilute "bitter is very gen-
erally accompanied by an inability to detect a dilute sweet and
vice versa."
Roy Tallman reports an experiment in which the sub-
stances which were taken Ytrere the ordinary articles of diet. The
object of this experiment was to get the relationship of taste
and smell in articles of diet. This resulted in showing that
there were some substances which could not be tasted at all when
the sense of smell was cut off and also that in some substances the
sense of smell did not aid at all, at least, no perceptible amount.
In the University of lowa Studies of psychology,* Geo.
W. Patrick has a general discussion regarding some experiments he
performed in taste. The treatment was so general that it does
not throw any additional light on this phase of the problem.
Louis Wallenberg
,
of the University of Wisconsin, per-
formed an experiment on the action of solutions on the sense of
taste. Ms treatment was more upon the functions of the nerves
in sense of taste, that is, the location of the sense of taste,
what causes the sensation and what happens when a solution causes
a sensation in the mouth.
A "Taste and Smell in Articles of Diet. Psychological Studies.
Harlon Gale. July 1900, Page 118.
A "University of Iowa Studies in Psychology, vol. II. pages 85 -
128. 1899.
& "The Action of Solutions on Sense of Taste. Bulletin of Univer-
sity of Wisconsin. July 1898.
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The specific problem at hand has "been attacked by two
investigators. In an investigation which consisted essentially
in a systematic mixing of pairs of sapid solutions, and describ-
ing the tastes of the mixtures, Kiescw* found that compensation
or cancellation is not a general or universal phenomena of gusta-
tion. Although he tasted every possible combination of his four
sapid solutions, he obtai ed a. tasteless resultant or mixture in
but a single instance; and even that was obtained only under con-
ditions of exceedingly dilute concentration. He found it to be
2
,
possible to combine sweet with sour in such -proportions that they
would give rise to tastelessness , and he obtained a similar neg-
ative result from his mixtures of sweet with bitter, sour with
salt, sour with bitter and batter with salt. Only when a dilute,
an approximately tasteless solution, of sugar was mixed with an
equally weak solution of salt (UaCL) did the phenomenon of com-
pensation appear. When less dilute solutions of these substances
were employed his observers recognized the presence of sweet and
salt in the mixture. Kiesow's investigation, then throws little
light upon our or obi em.
It is not even permissible to conclude from iiiesow's
experiment that phenomena of compensation and contrast do not oc-
cur in the domain of gustation, because the well known difference
of reaction-time to the different taste qualities renders his
method ineffective, and his results valueless. It was long since
t Beitrage zur irsychologie des G-eschmacksinnes . Philosophical
Studied X. 1894, 525 - 561.
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established that if a mixture of the four taste substances be
presented to an observer for identification, he will first per-
ceive the taste of salt in the mixture. Soon afterwards he recog-
nizes the presence of sweet; while the identification of sour is
slower, and of bitter very much slower than any of the other qual-
ities. This circumstance has been observed and confirmed by num-
erous investigators; and indeed we now know the exact reaction-
time for each of the four qualities, under controlled conditions:
/ v </
Salt, 485 seconds; sweet, 642 seconds; sour 752 seconds; and bit-
ter, 995 seconds. The non-equality of reaction-time makes it im-
possible to mix any pair of gustatory stimuli in such fashion that
an observer will find the mixture to be tasteless. Hiesow's meth-
od, then, is wholly inadequate to a solution of his problem - that
of stimulating with mixed substances combining sour, salt, sweet
and bitter.
in a second series of experiments, however, Kiesow used
a different method and obtained results of a positive character.
He now prepared his solutions in moderate concentration and ap-
plied drops of two different solutions simultaneously to different
regions of the tongue's surface. He also employed subliminal
stimuli and stimuli of pure distilled water. He hoped thus to de-
termine whether a relatively intensive stimulus is effective in
raising a weak stimulus above the limen, or in endowing a wholly
insipid stimulus with any Taste quality. His results lead him to
answer this question in the affirmative. He found that the con-
trast -elations exists between salt and sweet, and between salt
-6-

and sour; it is also present, although in lesser degree, between
sweet and sour. Bitter, however, occupies a unique position in
our gustatory system; it is wholly unrelated with any other taste
quality.
In the course of an investigation upon the stimulation
of isolated papillae, Uehrwall came to the conclusion that no re-
lation of contrast or compensation exists between any one taste
quality and any other. He is convinced that the organs which res-
pond to the stimulations of sweet, sour, bitter, and salt are
wholly unrelated; they are to be conceived of as belonging to dif-
ferent modalities, m the opinion of uehrwall, therefore, it is
as useless to seek for a relationship of contrast or complement-
ariness between pairs of gustatory qualities as it is to hope to
find a similar relationship between sweet and cold, between green
and aromatic, or between painful and yellow.
There are various circumstances which have caused stu-
dents of this problem to suspect that the findings and the infer-
ences of both Jliesov; and of uehrwall are contrary to fact. For in-
stance, it is a familiar experience that an orange tastes intense -
ly sour after having eaten sv;eets. This, it seems to me, cannot
be interpreted in any other way than as resulting from a contrast
influence of sweet stimuli upon scut stimuli, and analogous rela-
tions among the other gustatory stimuli are clearly observable,
although perhaps less pronounced. The method outlined below was
& Studier och Undersokningar ofer Smaksmuet, Upsala - 1889, 87pp.
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devised for the further investigation; and during the year 1909-
191u the writer has made an experimental study of the problem
under the direction of Professor J. "7. iiaird.
(C) Apparatus , materials and Lethod .
The general plan of procedure was as follows: ',7e en-
deavored to arrange the work and material so that an observer was
not obliged to sit more than a half an hour at a sitting. 77e first
determined for each observer the most dilute solution ( limen ) which
could still be identified as sweet, as sour, as bitter and as salt.
Then we applied much more highly concentrated solutions (up to ten
times the concentration of the limen), in an endeavor to fatigue
the organs of taste. Finally, while the phenomena of fatigue were
still present, we sought to determine exactly what is the sensory
reaction to each of four sub-liminal solutions, and also to dis-
tilled water. That is, we hoped to discover how normally ;aste -
less are tasted, if at all, alter intensive stimulation by each of
a
the four sapid solutions .
The laboratory work may be divided into two main parts:
(1) preliminary orientation (2) final observation. In the pre-
liminary experiments, we prepared sapid solutions of various de-
grees of concentration. Care was taken to procure chemically pure
substances, and to graduate the concentration with the highest de-
gree of accuracy. For valuable aid in this part of the investiga-
tion, we are indebted to JDr. A. T. Lincoln, now at the i-.ensellaer
polytechnic Institute, of Troy, New York, but formerly Assistant
-8-

Professor of Physical Chemistry at the University of Illinois;
and to Er. Paul £. Howe, Assistant in Chemistry at the University
of Illinois. A preliminary series of determinations showed that
the following solutions (stated in terms of molecular weights; were
necessary for the establishment of the lirnina:
Sweet { crystal Domino sugar) m , m , m , m , m ,
"2TT0" ^25 250 275 500
m , m , m , m , rn , m , m ,
550 400 45u 500 55U 600 650
Sour (Baker's HCh) m
,
m , m , m , m , m
800 900 1000 1200 1550 1500
m , m , m 4 m , m , m , m
1625 1750 1875 2'J00 2250 2375 2500
Bitter I Quinine sulphate C 2cH24^2°5H 2S04 ' - 5
50000 66666
m, m, m, m,m, m,m
100000 155555 177777 222222 266666 555555 444444
m , ra m m m m m
535353 7U0000 888888 1066666 1400000 1777777 2135533
m , m , m
2800000 3555555 4266666
Salt ( Kahlbaunis KaCL) m_, m
, m , m , m , m , m ,
80 100 110 120 ISO 140
m
, m , m , m .
TBO 160 170 180
-9-

The distilled water we used was perfectly tasteless; /
Shis was procured by a process of double distillation, and this
was employed throughout both in making the solutions and for
purposes of independent stimulation. It was desirable that the
solutions should be presented to the observers at a constant and
uniform temperature; and in order that distraction of attention
by temperature stimulation should be avoided we arranged to pres-
ent them all at 55° centigrade. This constant temperature was
secured as follows: we procured a large tank of galvanized iron
36.5 cm. in diameter and 37.6 cm. in depth, and had a perforated
metal shelf fitted across it at a distance of 7.5 cm. from the
top. The tank was supported upon a fire-proof base, and a Bunsen
burner v/as adjusted below it. The tank was filled with water,
and the 500 cm. bottles, containing the sapid solutions, were
placed upon the metal shelf, being immersed in water to about
three quarters of their depth. The temperature of the water was
registered by an accurate thermometer which was fitted thru the
metal shelf. A screen was put up around the tank in such a way
that the observer was unable to see the lables upon the bottles;
nor could he see an other part of the operation of the experiment
.
The exact procedure of each sitting was as follows:
The observer was first given a quantity of luke warm water (dis-
tilled) with which he was told to cleanse his mouth. Then after
a short wait of a minute or two, the experimenter took 2 c. m.
of the solution from one of the bottles by means of a graduated,
glass pipette, poured this into a luke warm tumbler (kept warm
-1U-

"by "being partly immersed in the water in the tank. Small whiskey
glasses were used for this purpose). This solution the observer
took into his mouth, moved it gently about for a few seconds, dis-
charged it into a convenient receptacle, and reported his intro-
spections. After a brief rest another stimulation was given.
The procedure was followed out in an ascending scale from the
least concentrated solution up to the highest concentrated solu-
tions. Each solution was presented three times before the next
more highly concentrated solution was given. The observer was
asked to report the name of the taste and the degree of confidence
of certainty with which he was able to make the identification -
a scale of three degrees of confidence being used. Confidence
"a" represented a mere guess
,
,;
_c" indicated a moderately high de-
gree of certainty and 1T e" was specified in cases where there was
"n o doubt n .
In this manner we first determined the liminal stimuli
for sweet, sour, bitter and salt for each of five observers.
Messrs. J. W. Baird, K. M. Dallenbach, IS. 0. Finkenbinder , P. H
.
Mo X.ee and H . M. Thrasher served as subjects throughout, and we
wish to take this opportunity to express cur gr&titude for their
hearty and patient co-operation in a trying series of experiments.
The accompanying table shows our liminal determinations
The degree of concentration oi each solution is expressed in terms
of a molecular or normal dilution of the solution in question.
-11-

Table I
.
The gustatory limina for each observer.
Observer
(a)
(b)
(O
(a)
sweet
m
600
m
^50
m
(e)
550
m
550
m
600
sour
m
1750
m
1875
m
T75o
m
1500
m
T35o
bitter
m
355555
m
700000
m
555555
m
444444
m
535333
salt
m
TOO
a
160
m
"TO
m
140
m
100
In preparing this table we have done away with all those
identifications which were reported to be guesses, it seems prob-
able that only those identifications to ',7hich a confidence of "c",
or over, attached are worthy of being regarded as perceptions of
taste; and these alone have been considered in compiling this tabl
( D ) lie suits of the Fatigue Experiments .
In these results we have also eliminated from our con-
sideration those judgments which are confessedly mere "guesses".
For these experiments we prepared a series of solutions which were
two and a half-fold, five-fold and ten-fold mere concentrated than
the liminal solutions which had been determined earlier in the in-
vestigation. '.7e used these strong solutions as stimuli in order t
-12-

"bring about a condition of fatigue or exhaustion of the sensory
apparatus of taste. The observer retained 2 com. of the fatigu-
ing solution in his mouth for a period of ten seconds, washing it
about gently in order that the papillae in all parts of the mouth
cavity might be stimulated by contact with it. Then this strcng
solution was discharged; and after a wait of ten seconds, an e-
qual amount of a subliminal solution, or of pure distilled water,
was introduced. The observer was not told what the second liquid
was, in order that presupposition and prejudice might be eliminated
from his identifications. Each observer was instructed simply to -
"Describe the sensation obtained from this second stimulus."
There is no doubt that the phenomena was brought about
by the conditions which we have described. ]£ven during the ten
seconds of primary stimulation the observers frequently reported
that the intensity of the gustatory sensation, obtained from the
strong stimulus, gradually diminished in intensity and in numer-
ous instances the characteristic quality of the sensation had en-
tirely disappeared before the ten seconds' interval had elapsed.
And, also, it was usually noticed that subsequent stimulations by
means of the same strong solution, as the series progressed, either
arroused gustatory sensation of slight intensity, or wholly failed
to arouse a gustatory sensation at all.
The results of these experiments are set down in tabu-
lated form in Table II. The numerical data denote the number of
times (expressed in per cents ) that each taste sensation was re-
ported. Thus, with all ellipses supplied, the upper section would
-13-

read: "After the gustatatory organ had been fatigued by means of
a strong sweet solution ( two and a half times stronger than the
liminal solution previously determined.) a subliminal solution of
acid was identified as sour in 55% of our experiments; and bitter
in 13^ of our experiments. It follows then that in 32% of our ex-
periments this subliminal acid stimulus remained tasteless. After
fatigue with the same sweet stimulus, subliminal bitter appeared
sour in 7% of our stimulations, and it appeared bitter in 20% of
the cases. Subliminal salt
,
under identical conditions of fatigue
appeared sour in 13%, bitter T/o and salt in 33% of the experiments.
Alter fatigue with this sweet water seemed scur in one-fifth and
bitter in cne-fifth of the experiments. The tabulated data will
become intelligible by filling cut the ellipsis in similar fashion
throughout.
-14-

TABLE II.
AFTER FATIGUIHG by means of STRONG- STIMULUS (see margin;
Subliminal Subliminal Subliminal Subliminal 7ATER
SWEET was
tasted as
STRONG
STIMULI
S7EET(x
Sour
2.5 ) Bitter
Salt
SOUR was
tasted as
53
13
Sour
SWEET fx 5) Bitter
Salt
Sour
SWEET (x lu) Bitter
Salt
Sour
AVERAGE SWEETBitter
Salt
60
27
40
20
13
51
20
4
BITTER
tasted
77
20
was
as
:
60
73
13
-2
51
4
SALT was
tasted as
13
7
33
13
7
47
20
7
40
15
7
40
was
tasted
as
:
20
20
33
33
7
7
29
2
Sweet 43 2U 40 33
S0UR( x 2.5) Bitter 7 7 7 13
Salt 7 27 7 7
SOUR (x 5)
Sweet 23 27 27 20
Bitter 23 27 13 7
Salt 15 13 13 20
Sour (x 10)
Sweet 18 13 40 27
Bitter 18 13 27
Salt
Sweet 28 20 36 27
AVERAGE SOUR Bitter 16 16 7 16
Salt 7 13 7 9
-15-

TABLE II. ( Continued)
AFTHR FATIGUING by means of STROUG STIMULUS (see margin J
Subliminal Sublimina 1 Subliminal Subliminal WATER
SWEET was SOUR was BITTER was SALT was was
tasted as: tasted as : tasted as: t ast ed as
:
tasted
STRONG as
:
STIKDIiI
Sweet — 27 40 20
BITTERfx 2.5) Sour 20 13
Salt 33 20 13 7
Sweet 47 40 40 40
BITTER ( x 5 ) Sour 13 27 7
Salt 13 20 7 7
Sweet 40 20 47 40
BITTER (x 10) Sour — 40 27 7
Salt 20 7 27 20
Sweet 29 29 42 33
TOTAL BITTER Sour 24 (JCJ 5
Salt 22 16 16 11
Sweet 7 13 20
SALT (x 2.5) Sour 20
Bitter 6u 67 60 40
SALT (x 5)
Sweet 3o 13 20 7
Sour 20 13 7
Bitter 53 33 27 47
SALT (x 10)
Sweet 13 20 20
Sour 7 13 7
Bitter 27 33 33 33
Sweet 15 13 18 9
TOTAL SALT Sour 2 18 4 5
Bitter 47 44 40 40
16-

A close observation of these data reveals several signif-
icant characteristics. In the first place it is surprising how
and to what a considerable extent contrast phenomena occur so fre-
quently in gustation. The second member of each pair of stimuli
was normally and objectively a wholly tasteless solution. It was
either a solution so dilute as to be insipid and had been reported
to be tasteless in numerous previous experiments where fatigue
was not present, or it was pure distilled water, whose tasteless-
ness had also been established over and over again in our prelim-
inary stimulations. However, in no less than 591 instances, or
in more than 8Z>v/o of our stimulations, these tasteless liquids were
reported to have a distinct taste. It need scarcely be mentioned
that some 'after tastes' or 'subjective tastes' are the product
of the fatigued condition of the gustatory organ, and that they are
exactly the phenomena we had planned to arouse, and to investigate.
It seems probable that an examination of their distribution, and
of their relation to the fatigue-stimuli which aroused them may
throw light upon the mutual relations of the four gustatory qual-
ities.
a close study of the data shows that the distribution of
the taste sensations which we have aroused by successive contrast
is neither casual nor fortuitous. For example, in the first sec-
tion of Table II, we find that the largest percent, in each group,
represents the number of identifications of each subliminal stim-
ulus in its own sensory quality. This phenomenon is even more
prominent in the second, third and fourth sections of the table.
This means that sweet has a certain contrast influence upon all
-17-

all three of the other taste qualities, or in other words, sweet
tends to raise subliminal stimuli of all the four substances a-
bove the limen. This, however, is not true of sour, of bitter or
of salt i. e., sour, bitter and salt are not opposed, in the re-
lation of contrast to one another as sweet is opposed to them.
Another interesting and remarkable feature of our re-
sults is this: the most intensive contrast influence is not ob-
tained by means of an intensive ( fatiguing ) stimulus, m many in
stances, more numerous and more intensive phenomena of contrast
were obtained after stimulation with a relatively weak stimulus,
one whose magnitude was only two and a half times greater than
the liminal stimulus. "~e believe there is no correspondence to
this fact in the domain of visual contrast.
There are some interesting results in the fifth col-
umn of our table. This column contains an accurate numerical
statement of the influence of each of the four gustatory stimuli
upon the subsequent taste of a portion of distilled water which
under normal conditions is tasteless, it is here that we must
expect to find the contrasting effect of tastes expressed in most
unequivocal terms; because in all other parts of our table we are
dealing with the simultaneous co-operation of tv;o or more factors
in that the subliminal solution of sapid substances does after
all, contain a certain amount of sapid substance.
If, now, we further summerize the data obtained from
tasting water after fatiguing the gustatory organ, we find a re-
lationship which can best be recorded graphically. The accom-
panying sketch shows the four taste qualities arranged at the
-18-

four corners of a square. The arrow-points upon the sides and
diagonals of the square indicate the directions in which the con-
trast influence may be supposed to operate, and the numbers ad-
jacent to the arrow-points represent the relative magnitudes of
the various contrast influences,- expressed in terras of the per-
centages of their appearance. It will be observed that these
numbers vary between the limits of 40 and 2. The average of all
is 16. We indicate in red ink all those which are excess of the
average. Although This is a some what arbitrary basis of dif-
ferentiation between presence of contrast and absence of contrast,
yet it will be observed, firstly that the numerical magnitudes
clearly fall into two different groups, and secondly that a per
cent, sc small as 2 or 5 or even 16 may readily fall within the
limit of a probable error of our apparatus and method. We believe
then that we are doing no violence to the facts when we state
that our experiments with water as a second stimulus shows the
presence of contrast in four of the possible twelve directions
or dimensions of contrast influence among gustatory qualities.
V/hether or not this statement is justified by our data, it clear-
ly is a fact that the most intensive and prominent cases of con-
trast influence are those of salt upon bi tter
,
of bitter upon
sweet, of sweet upon bitter
,
and of sour upon swee t
.
-19-

Figure I. Contrast relations demonstrated by the appar-
ent taste of distilled after intensive stimulation "by sweet, sour,
"bitter, salt. The numbers indicate relative frequency of occurance
A similar sehematization of all of our sensory reactions,
obtained under all conditions of previous stimulation reveals a
relationship whose character is wholly analogous to that just des-
cribed and pictured.
-20-

Figure II, Contract relations - data compiled from all
our experiments. The numbers represent the times that the quali-
ties were reported in all of our series, no matter what previous
stimulation, or what subsequent (subliminal; stimulation was em-
ployed.
It is of course evident that the data from figure I was
prepared seem much better calculated to give us an insight into
the essential relationships between the various taste qualities.
And the resemblance between figures i and II is probably to be re-
garded as nothing more than a remarkable coincidence. However that
may be, it surely is very significant that if we turn our attention
to that phase of the contrast influence which manifested itself
in raising subliminal solutions above the limen, we find, in the
main, a corroboration of the relationships which come to light in
-21-

Figures I and II "but we also note two surprising derivations from
coincidence of relationship. The positive contrasts which are
manifest in the two figures described above recur in our third
figure; hut two new contrasts here come to light. It seems haz-
ardous to venture an explanation or interpretation of this discrep-
ancy of result, in the present status of our knowledge of gustatory
sensation. It may however he suggested that the contrast influ-
ence of sweet upon sour and sweet upon salt is either of such pe-
culiar character or of such small magnitude that it fails to he-
come operative excepting under optional conditions, i.e., when
the induced stimulus already contains a certain amount of the sub-
stance which is actually recognized as being present in it. On
the other hand there is always the possibility that this new and
exceptional feature which crops out in the case of certain of our
subliminal stimuli is due to the fact of these subliminal stimuli
were as a matter of fact liminal. It is true that an earnest en-
deavor was made to determine exactly what degree of concentration
represents a liminal stimulus; but the problem of determining gus-
tatory limina is inherently difficult, and, it may be very un-
certain as well. We are convinced that our limina were accurately
determined; whether taste sensitively became more refined as our
investigation progressed, we cannot say.
-22

( E ) Conclusions .
The results of our investigation may "be summerized in the
following general statements.
(1) Certain characteristic relationships exist between
certain of the taste qualities. That "both Jiiesow and Oehrwall are
in error in their statements on this topic has "been shown in num-
erous instances "by all of our observers, contrast in some direct-
ions is scarcely less characteristic of gustation as of vision.
(2) Gustatory contrasts do not follow the same simple
and regular laws as visual contrasts, (a) The former do not exist
in equal degree "between all the sensory qualities, uur results
indicate that there are four levels of contrast influence among
-23-

the gustatory qualities, (b; The most intensive influence is that
of salt upon bitter and sweet upon hitter . (cj The influence of
hitter upon sweet
,
of sweet upon sour and of sour upon sweet rep-
presents a level of lesser prominence. Id) Much less pronounced
is the influence of sweet upon salt , of salt upon sweet, of sour
upon "bitter and hitter upon sour . (ej The influence of salt upon
sour and of sour upon salt is vacillating and under certain con-
ditions non-existant . (f) The influence of contrasting pairs is
not always reciprocal, or is net always exercised in both direct-
ions. This renders it impossible to represent the mutual relation
ships of the gustatory qualities in any simple form, analogous to
the color-triangle, or the colcr-square
.
(3) Contrasts manifest themselves both in lowering the
limen of sensitivity and in endowing pure water with distinct and
characteristic tastes which it does not possess in use.
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